Abstract: Teeth have been extensively used as a source of information in human identification, especially when the soft tissue cannot provide reliable information. Dental enamel is the most mineralized tissue, and resists post-mortem changes. The enhanced probability of personal identification from histological stress markers is said to be due to the pattern being specific to an individual. The timing of birth preserved in enamel, termed the neonatal line is a predictable consequence of the birth process and occupies a characteristic position and can be used in the assessment of pathological striae and has medico-legal implications. Though Amino acid racemization in dentin is extensively studied, enamel also offers certain advantages. Enamel can be used for sex determination based on AMEL gene using molecular biology. These highlight the importance and potential of enamel in forensic dental identification.
Introduction
As human identification is becoming important in modern life, so is the use of dental identification in search for identity. Thus, teeth have been used extensively in individualization as a source of information especially when the soft tissues cannot provide reliable information. Enamel is a hard layer of highly mineralized tissue on the surface of the tooth and is resistant to postmortem degradation. Here an attempt has been made to highlight the different ways in which dental enamel can be used as a tool in forensic science for identification.
Incremental Growth markers in Enamel
Enamel is a hard mineralized tissue on the surface of the teeth, varying in thickness from a maximum of approximately 2.5mm over working surfaces to a feather edge at he cervical line, composed of tightly packed prisms. 1) Enamel formation begins at the tip of the dentine horn, and proceeds by apposition towards the future surface of the tooth and by extension towards the future cervix of the tooth. Initially, a highly organic enamel matrix is secreted which is eventually replaced almost entirely by minerals, which are arranged in crystallized bundles that make up fundamental units, enamel prisms. During this process, changes in the enamel secretory rhythm, chemical composition are recorded as incremental structures.
2) The age at death and timing of physiologically stressful episodes can potentially be determined with some amount of precision as enamel is deposited in successive layers, the layering being observed as cross striations. In sections parallel to long axis of teeth, regular markings are observed along enamel prisms approximately three to four mm 2) . It has been widely argued but confirmed that the cross striations represent circadian rhythm and that it is possible to make reliable counts 2, 3) .
Cross striations are counted beginning from the first layer formed above dentin horn to the last layer formed immediately prior to death. To record the entire history, photomontages of each tooth within enamel which appears darker, broader (accentuated). These variations affect all the enamel matrix being formed at a given Review 1 time in a child, so that these can be used to match different teeth from one dentition. They can be used as reference points by which cross striation counts can be transferred between different parts of one cross section and between sections from different teeth in one individual.3,4
Neonatalline
The timing of birth preserved in enamel, termed the neonatal line is a predictable consequence of the birth process and occupies a characteristic position. This accentuated Striae is special, which marks the event of birth. It is found in all deciduous teeth as they start to form enamel matrix in utero, and usually but not always found in earliest enamel formed of first permanent molar. It is an important reference point to start cross-striations count. The neonatal line is said to be caused due to decreased plasma calcium in first 48 hours after birth or could be due to trauma associated with birth. It extends obliquely from surface to dentino-enamel junction. It is less densely mineralized and is said to be at a constant level within the tooth and shifts cervically as gestation is prolonged.
5)
Thus, these enamel incremental structures / regular microscopic structures in enamel, offer a powerful tool in reconstructing dental development and crown formation of modern and archeological remains. They also determine the age at death of remains of children whose dentition are still forming at the time of death. Cross striations provide detailed sequences from which the timing and duration of growth disruptions seen as hypocalcified defects and accentuated striae can be established.
Hunter schreger bands
Enamel is characterized by the presence of Hunter Schreger bands which results from an optical phenomenon because of enamel prisms, as dark and light bands in light microscope. Hunter Schreger bands in enamel have been observed to closely resemble a fingerprint as they form minuitiae (points at the ending lines and at bifurcations when one line splits into two). Hence they have also been referred to as toothprints. Due to its similarity to fingerprint it has been used as biometric based method of identification using fingerprint identification/ verification software. Each tooth thereby is matched with the teeth stored in the database. Also this toothprint is distinct from that of its homologous tooth on the opposite side making it highly specific and unique for each tooth in an individual. This might complement fingerprint and DNA analysis and also other methods of identification. It can be clearly observed and seen in teeth burned at temperature up to 3000C for one hour. They can withstand extreme environmental conditions and are preserved after skin decomposition. It is Non invasive, accurate and readily performed in automated systems and could be a suitable physiological biometric trait for human personal identification 6) .
Amino acid racemization
In Forensic Science, various methods have been used for the estimation of chronological age. However Majority of age estimation methods both morphological and histological techniques on bone or dental elements are highly subjective 7) . Amino acid racemization, based on age-dependent non enzymatic changes of L-form to D-form amino acids is considered to be one of the most reliable and accurate methods 8) .
Amino acids are building blocks from which proteins are formed and they exist in 2 forms L and D. When they are formed in the body, all amino acids are in L-form, but during the life of proteins they are converted to a mix of L and D forms by process of racemization and the rate is influenced by various factors like temperature, humidity, pH. Therefore organs with low metabolic rates like teeth, bone and cartilage, barin cells and crystalline lens are better suited for age estimation than those with high metabolic rates.8
Among dental tissues, enamel, dentin and cementum may be used for racemization. 9.10.11.12.13.14) Aspartic acid racemization in dentin is well established method for age estimation in forensic research.
Dentin is the tissue of choice as it forms early in life and undergoes little biochemical turnover during life. But the disadvantage is that it is problematic in remains with postmortem interval of more than 20 years. 12 Protein present in dentin is collagen and racemization of Aspartic acid residues (Asx residues) in collagen is controlled by highly ordered molecular structure. Succinimide formation, the pathway for peptide bound Asx racemization is effectively prevented in extended polypeptide backbone of collagen thereby restricting the sites of racemization to those Asx residues in the short flexible telopeptides at either end of molecule, which contain only 6 %of the total Asx residues in type I Collagen. These take almost a century to undergo racemization at 370C, so amino acid racemization in dentin can be used best in recently deceased individuals.
12)
Though Amino acid racemization in dentin has been used successfully, this method cannot be used in remains where postmortem interval is greater than 20 yrs. An alternative is amino acid racemization in enamel which is highly resistant to postmortem changes. Enamel also forms early in life and undergoes little biochemical turnover, and contains no collagen. Proteins of mature enamel are processed during maturation by proteolytic enzymes to form Low molecular weight peptides which lack secondary and higher order structure that would restrict succinimide formation. It has also been shown that racemization could be derived from intracrystalline proteins. During enamel formation, enamel proteins are entrapped in growing crystalline structure, providing better source of intracrystalline proteins than in dentin. An additional advantage is that enamel is resistant to changes in burial environment. But the protein levels are very low and present a real analytical challenge. It has been shown that racemization in enamel shows a steady increase with age, and has the potential to be used in age estimation of skeletal remains 12) .
Sex determination using enamel 2 Chetana Chandrashekar et al.: Enamel and Forensic Odontology
The shape, morphology and dimensions of teeth and also recently DNA analysis have been used to identify the sex of the individual. Very minute quantity of DNA (as little as 20 pg), from very old specimens of teeth can be used. The sex of skeletal bones/ teeth can be rapidly determined with enormous accuracy in a segment of human X and Y chromosome encoded AMEL gene. There are significant differences in amelogenin protein synthesized from X and Y chromosomes. The Male has two different AMEL genes, one on X chromosome and one on Y chromosome, while the female has two identical genes on X chromosome. Thus AMEL gene that encodes for female amelogenin is located on X chromosome and for male is located on Y chromosome. Difference in size and pattern of these two genes is sufficient enough to be used as sensitive sex determinant for very small samples of DNA from unknown dental remains. This distinction between male and female AMEL genes is specific, sensitive and cost effective form modern forensics 15) .
Conclusion
Enamel, being a hard calcified tissue, resistant to degradation can be analyzed by various techniques like enamel histology, chemical quantitative method and DNA analysis in human personal identification.
